Requirements gathering and conceptual modeling are essential for the customization of digital libraries (DLs), to help attend the needs of target communities. In this paper, we show how to apply the 5S (Streams, Structures, Spaces, Scenarios, and Societies) formal framework to support both tasks. The intuitive nature of the framework allows for easy and systematic requirements analysis, while its formal nature ensures the precision and correctness required for semi-automatic DL generation. Further, we show how 5S can help us define a domain-specific DL metamodel in the field of archaeology. Finally, an archaeological DL case study (from the ETANA project) yields informal and formal descriptions of two DL models (instances of the metamodel).
Introduction
The construction of any digital library (DL) involves a number of decisions covering: 1) which types of multimedia content will be supported by the DL; 2) how the stored information is organized and structured; 3) which are the target communities; and 4) which services and capabilities will be provided [3] . The process of formally assembling such decisions and representing them in a format useful for processing by a DL system involves both requirements gathering and analytical modeling or design.
Modern software engineering has encouraged the use of formal methods, with mathematically defined syntax and semantics, to support such tasks. Formal methods and frameworks can support specification of (most of the parts of) complex systems such as DLs, while also promoting rigor and correctness. This paper focuses on the application of the 5S (Streams, Structures, Spaces, Scenarios, and Societies) formal framework [2] in the support of these tasks. More specifically, we show how 5S can help us document complex requirements and can support the modeling of domainspecific digital libraries, illustrated with a case study from the field of archaeology.
The rest of this paper is organized as follows. Section 2 provides a brief background on the 5S framework. Section 3 informally discusses requirements of archaeological DLs according to 5S. Section 4 builds on the prior section to present a formal archaeological DL metamodel. Section 5 presents a two-part case study illustrating the methodology and models. Section 6 concludes the paper and outlines future work.
Background on the 5S Framework
In [4] we presented a formal framework for the DL field, summarized in Figure 1 . We defined "minimal digital library" (defn. 24 of [4] , shown at the bottom right) as the highest level concept. Figure 1 illustrates the supporting layers of definitions: mathematical foundations (e.g., graphs, sequences, functions), the 5 Ss (Streams, Structures, Spaces, Scenarios, and Societies), and key concepts of a DL (e.g., digital object, collection). Arrows represent dependencies, indicating that a concept is formally defined in terms of previously defined concepts that point to it. 5S structures (2) streams (1) spaces (4) scenarios (7) societies 
Archaeological Digital Libraries: A 5S-Based Informal View
This section shows how 5S can be used to analyze the requirements of domainspecific DLs. More specifically, it informally describes the archaeological domain, and therefore archaeological DLs (ArchDLs), in the light of the 5S framework.
Societies
Societies can be groups of humans as well as hardware and software components. Examples of human societies in ArchDLs include archaeologists (in academic institutes, fieldwork settings, excavation units, or local / national government bodies), the general public (e.g., educators, learners), and those who lived in historic and prehistoric societies. There also are societies of project directors, field staff (responsible for the work of excavation), technical staff (e.g., photographers, technical illustrators, and their assistants), and camp staff (including camp managers, registrars, and tool stewards). Since archaeology is a multi-disciplinary subject, drawing on a wide range of skills and specialties, from the arts and humanities through to the biological and physical sciences, societies of specialists (e.g., in geology, anthropology, lithics,
